We have analyzed the most recent available Super-Kamiokande data in a three flavor neutrino oscillation model. We have here neglected possible matter effects and we performed a fit to atmospheric and solar Super-Kamiokande data. We have investigated a large parameter range where the mixing angles were restricted to 0 ≤ θi ≤ π/2, i = 1, 2, 3, and the mass squared differences were taken to be in the intervals 10
Introduction
Most of the analyses concerning neutrino oscillations have so far been done within the framework of the theory of two flavor neutrino oscillation. In these scenarios, the observed deficit of solar electron neutrinos is usually explained by means of ν e ↔ ν µ oscillations, whereas the lack of atmospheric muon neutrinos is interpreted as a consequence of ν µ ↔ ν τ oscillations. The main advantage of the two flavor oscillation scenario is that the oscillation probability depends on only two parameters, the mass squared difference ∆m 2 and the mixing angle θ. Recently, it was pointed out by several authors that in some cases the interpretation of the experimental data in terms of two flavor oscillations might yield misleading and sometimes even wrong results (see, e.g., [1] ) and that a three flavor oscillation description is to be favored. Unfortunately, the oscillation probabilities depend in this case on five parameters, two mass squared differences and three mixing angles, which makes it quite hard to deal with the dependence of the probability functions on these parameters.
The most popular three flavor neutrino oscillation scenario is the so-called bimaximal mixing scenario [2, 3] , where two of the mixing angles are maximal, i.e., they have values of about 45
• , whereas the remaining one is restricted by the CHOOZ experiment to be rather small, at least for certain parameter ranges [4] . The three flavor oscillation scenario can then be shown to decouple into two Send offprint requests to: T. Ohlsson a e-mail: tommy@theophys.kth.se distinct scenarios involving two flavors, in which case it is of course much easier to perform a fit to the experimental data. Many authors [5] use the CHOOZ result to simplify the oscillation probability formulas for three flavors and then perform a fit of the two decoupled two flavor neutrino oscillation scenarios to the experimental data.
In this paper, we will present a numerical fit within a three flavor neutrino mixing scenario to the zenith angle distribution of 850 day atmospheric neutrino SuperKamiokande data and 708 day solar neutrino SuperKamiokande data. However, we will not make any assumptions about the parameters on which the oscillation probability formulas depend, i.e., we fit the scenario in the most general case and for a large parameter range to the experimental data.
The paper is organized as follows. In Sect. 2, we summarize the basic features of three flavor neutrino oscillation theory. In Sect. 3, we present the choice of experimental data and in Sect. 4, we discuss the minimization procedure. In Sect. 5, we give the obtained solutions of the minimization problem, which are interpreted in Sect. 6. The fits corresponding to the solutions are discussed and compared in Sect. 7 and then these solutions are tested for stability in Sect. 8. Finally, Sect. 9 contains a summary and our conclusions.
Theory of three flavor neutrino oscillations
In three flavor neutrino oscillation theory one assumes the neutrino states with definite flavor |ν α , α = e, µ, τ , to 
(1)
The unitary mixing matrix U is called the CabibboKobayashi-Maskawa (CKM) matrix and can generally be parameterized by three mixing angles θ i , where i = 1, 2, 3, and three CP -violating phases. One of the latter was recently claimed to be observable by the next generation neutrino detectors [6] and could lead to physically very interesting consequences. The other two can be shown to cause no physical effects. However, for this analysis these phases are too small to be important and we will neglect them in what follows. This implies U αi = U * αi and therefore we can write the CKM matrix in its (real) standard parameterization [7] as
where s i ≡ sin θ i and c i ≡ cos θ i . The probability for detection of a neutrino of flavor β in a beam of neutrinos consisting exclusively of flavor α at the source of the beam is for three flavors given by
where δ αβ is Kronecker's delta, L is the distance from the source to the detector, E is the neutrino energy, and ∆m 2 ij is the difference between the squares of the masses corresponding to the mass eigenstates |ν i and |ν j . Since 
the mass squared differences are not linearly independent, and it is convenient to choose
from which follows that
So far we have considered the neutrino states to be plane waves, i.e., to have a definite momentum. Since the neutrino state is neither produced nor detected with a definite momentum or propagation length, one has to average over L/E as well as other uncertainties in production and detection. We will here follow closely [1] and assume that these uncertainties to be described by a Gaussian average
where
and x ≡ L/E. Inserting formula (3) for P αβ yields
where l is given by
and therefore related to the sensitivity of the experiment. L should here be expressed in meters, whereas E should be expressed in MeV. The parameter γ is the socalled damping factor and in accordance with [1] we will choose
where ∆E and ∆L are the uncertainties in neutrino energy and propagation length, respectively.
For large values of γ
and the oscillation term vanishes. The transition probability then becomes a constant dependent on the values of the mixing angles; the oscillation is said to become "washed out". To proceed, one now has to determine the values of the parameters L, E, ∆L, and ∆E for the experiments under consideration.
Choice of experimental data
We are going to consider three types of Super-Kamiokande data: multi-GeV e-like atmospheric neutrino data, multiGeV µ-like atmospheric neutrino data and solar neutrino data.
Solar neutrino data
The probabilities were taken from [8] for 14 data points in an energy range from 6 MeV to 12 MeV. The probability is almost constant for all 14 data points. The path length for solar neutrinos is given by the distance from the Sun to Earth (L 1.44 × 10 11 m) and the uncertainty of the path length is here assumed to be negligible compared to L, i.e., ∆L L 0.
The damping factor then becomes
where ∆E = 0.5 MeV is the energy resolution of the experiment.
